a b s t r a c t
In Dutch external safety policy, the acceptance of risk for the population in areas surrounding hazardous substances establishments is based on a limit value for individual risk (IR). Additionally, changes to societal risk (SR) must be justified. A specific software program (SAFETI-NL) with the associated Reference Manual Bevi Risk Assessments (RIVM, 2009) is legally required for the calculation of IR and SR. This prescribed "Bevi calculation method" forms the basis for decisions with important consequences for industry, land use planning and the protection of citizens. It is important that the outcome of calculations made with the prescribed method can be relied upon when making decisions about land use planning that affects both industry and population. This is the subject of this paper.
The prescribed calculation method has been evaluated by performing a case study. The evaluation focussed on risk modelling of a Boiling Liquid Expanding Vapour Explosion (BLEVE) at an LPG filling station, an incident type that plays a significant role in Dutch external safety. The risk modelling of the BLEVE with the prescribed calculation method was found to have a number of serious deficiencies. It is concluded that the prescribed calculation method yields no reliable perspective on the safety of production, use and storage of hazardous substances, nor of possibilities to increase safety.
Decision making should not only depend on quantification of IR and SR. Improving the safety-relevance of the prescribed calculation method requires an increase of the number of dimensions of the outcome of risk calculations in order to make feedback possible. It is recommended to incorporate additional, safety-relevant information into planning and decision-making processes. It is envisaged that a more far-reaching change of Dutch QRA practice is needed (medium to long term). In this context, a number of interesting elements have been noticed in decisionmaking procedures in other EU Member States.
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Introduction
In the Netherlands, the assessment of the acceptability of risks for the population in areas surrounding hazardous substances establishments primarily takes place based on limit values for IR 1 and an evaluation criterion for SR. 2 The competent authority must also justify changes in the level of societal risk, for example if new land use developments are planned in the vicinity of an already-existing establishment. For the determination of the IR and SR from establishments, a calculation method is prescribed in the Netherlands, the "Bevi calculation method", consisting of the SAFETI-NL calculation package in combination with the Reference Manual Bevi Risk Assessments (RIVM, 2009 ). This prescribed "Bevi calculation method" forms the basis for decisions with important consequences for industry, land use planning and the protection of citizens. Due to the interests at stake and the reliance of decision makers on the outcomes of risk calculations, the Hazardous Substances Council conducted an evaluation; a paper was presented at the symposium Loss Prevention and Safety Promotion in the Process Industries in May 2013 (Van Xanten et al. (2013) ). The technical evaluation was focussed on a case study on risk modelling of a BLEVE at an LPG filling station. A BLEVE is an incident type with great implications for the claims for indirect land use around hazardous establishments (land usage restrictions due to external safety risks). The Council considers the findings with respect to the BLEVE to be characteristic of the deficiencies in the calculation methodology.
Critical observations on the prescribed calculation of risks to the area surrounding hazards should not be confused with criticism of quantitative risk assessment (QRA) as such. The prescribed calculation method is only the implementation that has been given in the Netherlands' external safety policy to an otherwise valuable analysis methodology. The Netherlands' present approach is restricted to generating risk contours and estimating the SR. With the prescribed risk calculation method, the assessment of the effectiveness of safety measures is either difficult or impossible.
Quantitative risk analysis in The Netherlands
In QRAs probabilities and consequences of (known and quantifiable) unwanted events are systematically mapped out, and are expressed numerically. With such analyses, insight can be gained into the severity of risks and the effectiveness of (counter)measures. QRA is being used in many sectors to improve safety, optimise processes and support decisionmaking, from the chemical sector, the air transportation and aerospace sector to logistics and the medical sector. When developing a QRA instrumentarium for a specific application, 1 In the Netherlands, individual risk is the probability per year that a person who remains in a certain place in the open air, continuously and unprotected, will die within 24 h as the direct result of an unusual incident within an establishment in which a hazardous substance or hazardous waste is involved. The exposure is considered to take place at a height of 1 m. No information about other types of injury is included in the concept of individual risk.
2 Societal risk is the cumulative distribution function of the number of fatalities: the probabilities per year that at least 10, 100 or 1000 people will die as the direct consequence of their presence in the area of influence of an establishment and an unusual incident within said establishment in which a hazardous substance or hazardous waste is involved. the intended use of the instrumentarium is of paramount importance: it determines the required level of detail and the aspects that may or not be left out of consideration.
Important topics in the development of a QRA instrumentarium are the theoretical models used (in the Netherlands, these are based on the "coloured books": PGS1 (2005), PGS2 (1997), and PGS3 (2005) ) and the implementation of these models in software. The coloured books have -however -not been updated for some years. The calculation models behind various calculation packages that have been developed since, including the one prescribed in The Netherlands, SAFETI-NL, deviate from the coloured books. As a result, the relationship with the coloured books has faded in recent years. Also, a benchmark exercise demonstrated that the results from the various calculation packages could differ dramatically, despite their shared basis (RIVM, 2001 ). This may partly be explained by the space left for interpretation that the coloured books give for the development of calculation models, and partly by the space left for interpretation these models offer in the schematic representation of an installation and the selection of parameter values. This illustrates that the quality of a QRA is not solely determined by the quality of the QRA instrumentarium employed, but also by the knowledge and expertise of the user: the schematic representation of an establishment and the assessment of the value of the results of calculations demand knowledge and experience. Each model is a simplification that is only valid within certain limits. The user is responsible for the interpretations he makes.
Although it is impossible in practice to identify one single correct calculation result, the legislature considered it undesirable from the viewpoint of legal certainty that the question of whether a certain limit value was reached should be strongly dependent on choice of model or on expert judgement (Bevi, 2004) . In 2006 therefore, a switch was made to the system referred to as "unification", which means that a single calculation package was selected that must be used as standard within the Bevi framework for calculation of IR and SR for establishments: SAFETI-NL. In this calculation package, the parameter values to be used are to a large extent fixed in order to make the calculation results less dependent on assessments made by the risk analyst (see also Uijt de Haag et al., 2008) . In this way, the complex reality has been strongly simplified. The prescribed risk modelling, including parameter values and scenarios, is described in the Reference Manual Bevi Risk Assessments (RIVM, 2009) . In this paper, the calculation package in combination with the Manual is referred to as "the prescribed calculation method".
3.
Methodology for evaluation of the prescribed calculation method
The aim of the evaluation was to investigate the limitations of the prescribed calculation method and to assess the consequences for decisions based on the results of calculations. A complete validation of the prescribed calculation method would be wide-ranging. For this reason, it was decided to use a case study to highlight some remarkable findings. Because of the prominent role of the BLEVE within Dutch external safety policy, a BLEVE at an LPG filling station was chosen for the case study. The BLEVE of an LPG road tanker is determining for the safety distances to be respected around an LPG filling station.
The evaluation focuses at two functions of the QRA instrumentarium: (1) the calculation of IR and SR for land-use planning, and (2) the provision of insight into measures that may increase safety in the specific situation. For the first function, the instrumentarium should be transparent, verifiable and robust, and should contain no deficiencies, considering the role of the IR and SR calculated according to the Decree on External Safety of Establishments (Bevi, 2004) in planning and decision making. With respect to the requirement of lack of deficiencies, it is considered important that the assumptions and starting points for the system description are correct; e.g. that (partial) models have been validated, using field trails or after accidents (validity in terms of correctness). For the second function, it is important that the QRA instrumentarium can be used to gain insight on how to reduce risks and increase safety (validity in terms of safety relevance).
Results of the evaluation
The results are summarised in the following five paragraphs, followed by a discussion on the general applicability of the findings for risk modelling of a BLEVE.
Transparency
The theoretical models that are incorporated into the calculation package that is prescribed in the Netherlands, SAFETI-NL, are largely described in the Reference Manual Bevi Risk Assessments (RIVM, 2009). The manual provides an overview of the BLEVE models implemented in SAFETI-NL and thus fulfils the transparency criterion. Still there are disadvantages associated with the obligation to use the Bevi calculation method (see below).
Verifiability
The BLEVE fireball model that is used in the prescribed method is presented comprehensively in the Yellow Book (PGS2, 1997).
The same applies to the probit (measure of probability) in the Green Book (PGS1, 2005) that is used to make the connection between the radiation from fires and their lethality. The verifiability is in this regard sufficient. The verifiability of the failure frequencies is however limited. It is not straightforward and sometimes impossible to derive how the failure frequencies have been established. The Reference Manual Bevi Risk Assessments (RIVM, 2009) is of no help here either. The starting points and assumptions that form the basis of the probability of a BLEVE as used in The Netherlands are not clear. It required an extensive investigation to determine what these are based on. It finally became apparent that the origin of the probability of a BLEVE as used in The Netherlands may be traced back to three studies into the safety of pressure vessels: Phillips and Warwick (1969) , Smith and Warwick (1974) and Bush (1975) . These old studies primarily concerned steam vessels. 3 Although the many reports that have been issued in The Netherlands since then may give a 3 Steam vessels have been in use for more than 150 years to date. It should be observed that there are differences between steam vessels and vessels in chemistry and also that new techniques and standards are used, e.g., for the different types of vessels, the load (pressure) is neither equal nor constant. Vessels used in chemistry often suffer more from contamination and may be subject to corrosion. For this reason, special materials and manufacturing and welding techniques are used. In the past decades, standards for manufacture, maintenance and inspection have also changed. different impression, the present failure frequencies for pressure vessels are not based on more recent case histories. Such information is indeed available: in the United Kingdom, the failure frequencies used are based on data for pressure vessels of more recent date. Further, it became apparent that the failure frequencies of pressure vessels currently used in the Netherlands were reduced on vague grounds at the very start of activities in the field of risk analysis at the end of the 70s. The failure frequency of a pressure vessel derived from the studies of Phillips and Warwick (1969) , Smith and Warwick (1974) and Bush (1975) was reduced by a factor of at least 10 in the COVO study (COVO Commission, 1982) . Thorough argumentation for this reduction is absent. This unjustified reduction directly influences the failure frequencies listed in the Reference Manual (RIVM, 2009).
The probability prescribed in the Netherlands for instantaneous failure of a pressure vessel is relatively low, just as is the probability of a BLEVE calculated from this (0.7-2.5 × 10 −7 per year). In the United Kingdom the BLEVE probability applied for stationary installations is a factor of 40-140 higher: in HSE (2004), a BLEVE probability of 10 −5 per year is used.
Robustness
Various comparative studies have demonstrated that the results of risk calculations are strongly dependent on expert judgement (Amendola et al., 1992; RIVM, 2001; Lauridsen et al., 2002) . The user of a calculation program may select a model and modify the parameter values and coefficients. The results of calculations may thus differ. The robustness of the risk modelling of a BLEVE according to the Dutch prescribed calculation method is actually very high. This high robustness has been achieved by excluding (further) expert judgement by defining parameter values, coefficients and models in the prescribed calculation method (referred to as unification, Uijt de Haag et al., 2008) . In the risk analyses thus, fixed failure frequencies are imposed, and in the modelling of the fireball, only the setting of the safety valve (i.e. the pressure) and the volume of the fireball can be varied. The robustness of the prescribed calculation method for such "standard" installations is thus constructed on a policy decision. It is not a characteristic of the calculation method in itself, as is demonstrated in a sensitivity analysis, of which some examples are presented here. The pursuit of robustness should not degenerate into insensitivity to essential parameters. After all, reality is almost always different from a "standard" installation. Risk analysis should be tailored to the actual situation. In this study, various risk calculations were performed to analyse the sensitivity of calculation results to assumptions and starting points. This sensitivity analysis reveals that relatively small deviations from the assumptions and starting points as listed in the Reference Manual (RIVM, 2009) may lead to important changes in the indirect land use around LPG filling stations. This means that the risk calculations are (very) sensitive to such deviations. If the model, the parameter values and coefficients would not have been fixed as a matter of policy in the prescribed calculation method, the results of the risk analyses could vary greatly. This may be illustrated by the following examples:
• Variations in the probability of a BLEVE during the unloading of an LPG road tanker The position of the 10 −6 risk contour is strongly dependent on relatively small variations in the probability of a BLEVE during unloading of an LPG road tanker. This probability is determined by the number of transfers of LPG from a road tanker to the station, the duration of unloading and the probability of a BLEVE per time unit during each transfer. In a standard LPG filling station 4 with a throughput of 1000 m 3 per year, 5 when applying the prescribed calculation method, two accident types determine the level of the individual risk. At a short distance, the pump and unloading hose make a dominant contribution to the IR. At a greater distance, mainly the contributions of the storage tank and road tanker are important. The 10 −6 risk contour is about 35-40 m from the filling connection. The various partial contributions to the IR are compared to the distance in Fig. 1 . If unloading LPG road tankers are not provided with a thermal insulation covering, the distance from the 10 −6 risk contour to the filling connection is around 50 m (LPG filling station with a throughput of 1000 m 3 per year), as shown in Fig. 2 . 4 According to the prescribed calculation method, by "standard LPG filling station" should be understood an LPG filling station that complies with the requirements applicable in The Netherlands and of which the layout corresponds to the assumptions listed in the Regulation on external safety of establishments (Revi, 2004) . I.a. the presence of a thermal insulation covering on the LPG road tanker is required (as per Amendment to Revi, 2007) . For only a 50% higher probability of a BLEVE during transfer from LPG road tankers not provided with a thermal insulation covering, the distance from the 10 −6 risk contour to the filling connection increases to 100 m. And for a not unimaginable ten-fold increase in the risk of a BLEVE -see also the verifiability of failure frequencies in the previous sectionto 190 m. This is illustrated in Fig. 3. • Variations in the dose-response relationships
In lethality calculations, relationships are described between exposures on the one hand and probabilities of fatality on the other, using dose-response relationships (probit functions). There is considerable variation between the different probits. The choice of probit thus influences the results of calculations. In a sensitivity analysis, the influence of the choice of the probit for the consequences of a hot BLEVE with fireball was considered. For this, lethality was calculated as a function of distance using different probits for a 26.7 ton LPG road tanker and the thermal radiation according to SAFETI-NL (Fig. 4) . Besides the TNO probit that is implemented in SAFETI-NL, other probits have also been used in this evaluation (i.a. HSE, 2004, and Lees, 1996) . In the prescribed calculation method, a maximum exposure time of 20 s is used. This exposure time was used for the calculations with the various probits, with the exception of the 'TNO probit including a correction for escape behaviour' (TNO+ escape), where 5 s reaction time was assumed and an escape velocity of 4 m/s, as suggested in the Green Book (PGS1, 2005). It was also assumed that lethality within the radius of the fireball is 100%. From Fig. 4 , it is apparent that the TNO probit is relatively pessimistic. The lethality at the same distance is noticeably lower with the probits according to Eisenberg, Lees, the HSE in the United Kingdom (2 points) and the TNO probit including a correction for escape behaviour. This study did not include an investigation into the correctness of the different probits. It is indeed clear that a significant variation exists. This underlines the importance of regular validation and of keeping the underlying data up to date.
Validity: correctness
Various points for improvement of the BLEVE risk modelling were observed. These mainly concern the scenarios and (the backgrounds of) the failure frequencies used.
• Leaving out human error and other scenarios A frequency of 5 × 10 −7 per year is used in The Netherlands for the failure frequency of a pressure vessel. It is striking that in the Purple Book (PGS3, 2005: p. 3.3) it is stated that this probability must be increased by a factor of ten -by 5 × 10 −6 per year -if standard safety provisions are missing or external impacts (such as collisions for example) and human errors (such as overfilling) cannot be excluded. Conversely, in the Reference Manual Bevi Risk Assessments (RIVM, 2009), the failure frequency contributions of external impacts and human errors are left out on the presumption that standard safety provisions are present: if they were to be absent, they should be implemented immediately. This is not in line with the Purple Book, that requires to increase the failure frequency when external impacts, corrosion and human actions may not be dismissed just like that, even if standard safety facilities are present. HSE shares this judgement. A higher probability must be used if there is reason to do so (HSE, 2004) . If the increase by 5 × 10 −6 per year mentioned in the Purple Book were used, the probability of catastrophic rupture would increase by around a factor of ten.
• Probability of ignition incorrect
The probability of a BLEVE being accompanied by a fireball is dependent on the probability that the BLEVE is followed by a direct ignition (if the tank contents are flammable, as with LPG). In the Dutch prescribed calculation method, this probability is assumed to be dependent on the release quantity. Physically, this is incorrect. The probability of direct ignition is i.a. dependent on the initial causes of the BLEVE. The probability of direct ignition from a mechanical impact is less than from a fire near the tank. In case of a hot BLEVE, the fire will always cause direct ignition. In the Reference Manual Bevi Risk Assessments (RIVM, 2009), this incorrectness is justified as follows: "It has been opted to retain the distinction in the volume in order to remain in agreement with previous QRAs as much as possible." From this, it may be deduced that the physically incorrect modelling was already recognised, but that it was decided for policy reasons not to allow the final results of the calculation to deviate too far from earlier calculations. 
Validity: safety relevance
The safety relevance of the prescribed Bevi calculation method is low: insight cannot be gained (or only very limitedly) into the influence of safety precautions. This applies both to mandatory precautions (that are assumed to be present) and to those that could possibly be taken. The relationship between the safety (or danger) of a specific establishment and the calculated individual and societal risks is thus weak.
• Safety measures not recognised The generic nature of the failure frequencies used implies that safety precautions are not recognised or conversely are recognised as standard (and possibly wrongfully) in risk calculations. The prescribed failure frequencies for pressure vessels regard situations without corrosion, fatigue due to vibration, human error or external impacts. This implicitly presupposes the presence of measures, maintenance, inspection and management systems that may well be absent in practice.
• No tailor-made assessment of an establishment
The modelling according to the Reference Manual Bevi Risk Assessments takes no account of differences in e.g. the expertise, safety management systems or emergency measures present at different (types of) establishments. The probability of a BLEVE with fireball is thus modelled in the same way for a complex industrial process plant as for an LPG filling station.
• No tailor-made assessment of exposure
In calculating the consequences of heat radiation it is assumed as standard that a person escapes from direct heat radiation after no more than 20 s. This standard escape time does not reflect the possibilities for self-rescue actually present. These may differ greatly from case to case, depending on the characteristics of the population exposed (older people are less able to rescue themselves than young people) and on the characteristics of the surrounding area, such as the building density and the presence of escape routes. The prescribed calculation method is of no help for an analysis of the possibilities of self-rescue and emergency aid.
• Reducing safety distances in advance of realisation of safety measures In 2007, the Dutch government wished to introduce technical measures for reducing distances for safety clearances around LPG filling stations, in order to reduce the number of houses within the 10 −6 contour around LPG filling stations. In The Netherlands, numerous LPG filling stations are situated in densely populated areas. The safety distances were reduced from 110 m to 40 m for "standard" filling stations with a throughput more than 1000 m 3 per year (Revi amendment (Staatscourant 2007, 66) ). Particularly, application of a thermal insulation covering to LPG road tankers is of importance. In practice, several years have passed before this thermal insulation covering was applied to the majority of LPG road tankers. Indeed, for LPG filling stations with a throughput of 1000 m 3 per year, the question of whether transferring LPG road tankers are provided with a thermal insulation covering hardly affects the position of the 10 −6 risk contour (the distance from the filling connection would decrease, according to calculations using the prescribed calculation method, from 50 m to around 40 m, if all LPG road tankers were provided with a covering; see also Section 4.3, Fig. 2) . However, the reduced distances also apply to filling stations with a greater throughput. Here, the influence of the thermal insulation covering on the position of the 10 −6 risk contour is in fact important. From a sensitivity analysis, it becomes clear that reducing the clearance distance in Revi from 110 m to 40 m for LPG filling stations with a throughput of 1500 m 3 per year can only be justified if a large proportion of the transferring tankers are provided with a thermal insulation covering (see Fig. 5 ). It is noted that the change to the clearance distance in 2007 was in part based on future safety measures. It should be noted that the QRA results for an LPG filling station with a throughput of 1500 m 3 per year are identical to the results for one with a throughput of 1000 m 3 per year if, for the latter filling station, the assumption of a 50% longer duration of stay is made (45 min rather than the 30 min necessary according to the prescribed calculation method to unload the LPG 6 ). Deviations from the standard duration of stay may have nothing to do with the 6 The 30 min duration of stay assumed in the prescribed calculation method is necessary to pump over (an average of) 15 m 3 LPG. Besides this, around thirty actions have to be carried out by the driver of the LPG road tanker. No time is added for this in the prescribed calculation method. The use of only the transfer time and not the duration of stay of the tanker at the LPG filling station would lead to an underestimation of the risk.
unloading of LPG, but do nevertheless influence the level of the risk.
4.6.
The general applicability of the findings for risk modelling of a BLEVE Although the evaluation was focused on risk modelling of a BLEVE at LPG filling stations, the findings are considered to be typical for the calculation method prescribed in The Netherlands in a broad sense. The failure frequencies for pressure vessels used in The Netherlands are the same for steam, LPG or chlorine. The mandatory-to-use calculation method is unsuitable for the assessment of safety measures for a specific establishment or for analysing possibilities for self-rescue and emergency aid. The risk modelling (scenario definition, estimation of frequencies, and effect and consequence modelling) for different incident types and types of hazardous properties (flammable, explosive, toxic) features similar difficulties. The uncertainties in each part of the risk modelling are considerable, and this is not only the case for a BLEVE. E.g., the dose-response relationships that define the relation between exposure levels and victim probabilities for toxic substances are at least as uncertain as those for thermal radiation, and the dispersion of toxic substances in a built-up area is very difficult to model.
5.
Observations and recommendations
Observations from the evaluation
From the evaluation, the following was observed:
• Transparency: acceptable for the modelling of a BLEVE. The basis for the modelling in the software program SAFETI-NL is indeed explained in the accompanying reference manual.
• Verifiability: the failure frequencies prove to be at least one order of magnitude (a factor of 10) lower than commonly used elsewhere (due to decisions taken at the end of the 70s at the start of activities in the field of risk analysis).
• Robustness: the robustness of the calculation method is artificially high. It is a construct, resulting from the fact that the values of parameters and coefficients have been laid down in the reference manual. In this way it is concealed that small variations in assumptions or starting points often result in large variations in outcome in terms of indirect land use, IR and SR.
• Validity in terms of correctness: the incident scenarios described in the event tree for a BLEVE of LPG are not correctly modelled in the physicochemical sense. Also, human error and similar scenarios are neglected in the risk calculations.
• Validity in terms of safety relevance: use of the calculation method gives no or only limited insight in opportunities to increase safety.
Tension between robustness and safety relevance
The development over the past decades of risk calculation in The Netherlands as an attempt to increase insight, and to corroborate decision making -including safety measures -has set an example to many. However, since 2006 in Dutch external safety policy, QRA results are used in an absolute manner for comparison with the limit value of the IR and the orientation criterion for the SR. The calculation results are, as shown, surrounded by great uncertainties and are based on assumptions and starting points that are not always verifiable or valid. The artificially high robustness of the QRA instrumentarium limits the possibility of taking uncertainty and local circumstances into account in risk analyses. Robustness and safety relevance are difficult to unite in a single QRA instrumentarium. Uit de Haag et al. (2013) state that any change in the individual risk calculation may have large financial consequences and that the introduction of new knowledge (on existing technologies, but also on new, emerging risks) may be hampered by the potential consequences for land use planning. This indeed is a result of the fact that the prescribed calculation method dictates that outcomes of calculations are used in an absolute manner. To our knowledge, to date there are no other countries that use risk calculations in such way.
A risk associated with the current use of the outcome of calculations is that competent authorities are tempted to accept calculated contour lines as absolute distinctions for safe or unsafe areas. When industry or transportation routes are supplied with supplementary safety measures, the tendency in our small country is to allow for housing to be constructed closer to the industrial activity or transport line than before. An example of this tendency of reducing safety distances has been presented in Section 4.5. A number of observations can be made in this regard. Under the pressure of reducing the number of houses at risk, government had an incentive to reduce safety distances in order not to be confronted with high sanitation cost. A "standard LPG filling station" was introduced and local or site specific circumstances were excluded within the prescribed calculation method. The outcome of the calculations was acceptable to the policy objectives, although realisation of safety measures lagged several years behind.
The limited safety relevance of the QRA instrumentarium does not primarily require further technical developmentalthough further improvement of data collection on e.g. failure frequencies in modern chemical process industry is advocated -but rather adaptation of policy. For this, in broad terms, there are two possibilities: (i) supplementing the results from a robust QRA with safety-relevant information obtained via another route, or (ii) altering the way in which planning and decision making concerning external safety is conducted (less emphasis on an absolute use of QRA results, as is more common practice abroad), in which case a less robust but more safety-relevant QRA instrumentarium can be used. At the same time, an area-oriented approach would allow for more attention for consequences of the choice of a certain location on e.g. transport (inwards and outwards) and location of other establishments in the vicinity (cumulation, escalation and domino effects).
Expertise of users
In The Netherlands, RIVM is held responsible for the distribution of the calculation package SAFETI-NL. RIVM requires that users of the package follow a dedicated training course of four days. Uit de Haag et al. (2013) (RIVM) present in their article some possibilities for improvement that are to be realised, i.a. the inexperience of the users and the varying quality of QRAs presented to competent authorities. RIVM has trained some 300-400 users to date, most of them being consultants; a large new group of consultants with limited knowledge of hazardous substances in industrial practice was attracted to this market. Their number is substantially higher than the approximately 25 recognised consultants in Flanders, Belgium. RIVM has to spend considerable support time in relation to the content of the Reference Manual and in relation to the calculation package SAFETI-NL, due to the large number of users and the inexperience of part of this group. As an example errors in copying scenarios in the software tool are mentioned in their article. The competent Dutch authorities decided in 2013 to concentrate their knowledge and expertise in a few expert groups (Uit de Haag et al., 2013 ). This appears to be a process solution for a more fundamental problem. As stated in Section 2, knowledge and expertise of the user are of paramount importance.
Improvement of the decision making process
Various possibilities exist to improve the decision making process in land-use planning. Decision making procedures in other EU Member States that also implement the Seveso II Directive (e.g. the French 'Plans de Prévention des Risques Technologiques', PPRT), offer inspiration: (a) By putting emphasis on the dialogue among the stakeholders during planning processes, the results of risk analyses may be used more in a relative sense, to weigh up options and set priorities. In this way, opportunities may be created to remove the limitations of the present QRA instrumentarium, which are associated with the absolute use of QRA results in decision making by competent authorities in The Netherlands. In order to avoid impasses, an authoritative arbiter should be introduced. Also, the introduction of an area-oriented approach could be considered, which would offer opportunities to take safety precautions that are possibly not feasible on a smaller scale; (b) By applying separate probability, effect and consequence classes, more justice can be done to the great uncertainties with which the results of QRAs are surrounded. Currently, in The Netherlands an accuracy is often attributed to numerical risk values which they do not possess. In PPRT, in a first step probability and consequence classes are combined in a matrix to assess the acceptability of risks within a certain study area, which may contain multiple establishments. Then it is decided whether or not further analysis and additional provisions are needed (see under); (c) By making a distinction in the risk analysis between rapid and slow accident progressions, information can be provided to the emergency services that is useful for an assessment of the possibilities for self-rescue and disaster control. In PPRT, if there is sufficient time for emergency aid and self-rescue, a scenario is defined as slow, in other cases as rapid. For the slowly developing scenarios, the extent of the areas within which irreversible consequences are possible are projected on a map. For the rapidly developing scenarios, surrounding area risk levels are determined for each location within the area of the study, based on the (cumulative) probabilities and the intensity of effects. For toxic, radiation and overpressure effects, separate maps are prepared; (d) By showing the vulnerability of the surrounding area on maps, planners will be better able to take account of external safety when preparing land-use plans. In PPRT, the risks for inhabitants, but also for working population, cultural heritage and nature are shown on a map. Further analyses focus on the question whether the vulnerability of objects can be reduced and on the question whether there are costs associated with clearance, sale, reduction of vulnerability and the engineering controls to be taken. The local context is included in further analyses; (e) By also presenting the probabilities and consequences of serious accidents separately, and not combining them directly into a risk measure (such as an IR or a SR curve), valuable information can be provided to planners to reduce the risk to the surrounding area, and also to stakeholders. Besides quantitative methods, also semi-quantitative or qualitative approaches may be used, e.g. when corroborated parameter values are not available; (f) With a Bayesian approach, uncertainties of knowledge and statistics can be incorporated into estimates of the IR and the SR. In this way, fruitless discussions about "the true figure" can be avoided, and the great sensitivity of the position of 10-6 risk contours to the choice of certain calculation parameters and values can be reduced.
Transportation
For transportation (motor, rail, or water way) modelling also a method is prescribed in The Netherlands. Some years ago, it was noted that this method RBM II did not fulfil the criteria of transparency, verifiability and robustness (Hazardous Substances Council, 2006) ; validity in terms of correctness was not assessed in this study. With regards to safety relevance, some peculiarities in the modelling can be noted, e.g. that risk is calculated for an arbitrary way length (1 km). With this approach risk-prone discontinuities in the transport line are not receiving the attention they may require, e.g. crossings, junctions, and intense traffic zones. By averaging risk per unit length, situations may be acceptable when calculations are made, but locally risk may be quite unacceptable. As in Dutch land use planning, possibilities to increase safety are not identified when using this approach.
